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(57) ABSTRACT

Disclosed is a method for minimizing noise on a touch panel
including a plurality of drive lines and a plurality of sensing
lines, wherein the drive lines and the sensing lines cross each
other, the method including: performing a dummy scan to
sense a signal from the sensing line in a state where a driving
signal is not applied to the drive line; and comparing a thresh-
old with a magnitude of a signal obtained through the dummy
scan, and estimating noise in a first frequency band, i.e., a
frequency of the driving signal.
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METHOD, TOUCH SENSING APPARATUS
AND COMPUTER-READABLE RECORDING
MEDIUM FOR MINIMIZING NOISE ON
TOUCH PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority under 35 U.S.C.
§119(e) of Korean Patent Application No. 10-2012-0031638
filed Mar. 28, 2012 the subject matters of which are incorpo-
rated herein by reference.

BACKGROUND

1. Field

The present invention relates to a method, a touch sensing
apparatus and a computer-readable recording medium for
minimizing noise on a touch panel.

2. Background

In general, with the development of electronic communi-
cation technology, a variety of electronic devices are being
provided. The electronic devices have a tendency to have
manipulation easiness and a good design. In accordance with
the trend, it is emphasized that an input device including a
representative keyboard or keypad should be diversified.

The input device has been developed from a data process-
ing by using the input device such as the keyboard or keypad
to a touch panel functioning as both an input device and an
output device. The touch panel has a concept which com-
monly designates an input device allowing a user to input data
by using no separate input equipments. Regarding the touch
panel, data is inputted by directly touching a display panel.
The touch panel data input is performed in a simply way and
has less malfunction.

In the mean time, with the recent development and popu-
larization of a graphic user interface (GUI) system, a touch
screen is now being generally used which allows a user to
simply input. The touch screen is implemented by recogniz-
ing the location of a touch occurrence on a touch sensor panel
and then by performing an action corresponding to the loca-
tion.

The touch sensor panel may be formed in the form of a
matrix comprised of row wirings and column wirings. A
sensor or pixel is located at a point where the row wirings and
column wirings cross each other. Each row wiring can be
driven by a sensing signal. Because electric charges injected
into the column wiring by the sensing signal is proportional to
the amount of touching, the location of the touch can be
recognized.

In general, after a driving signal having a specific fre-
quency is inputted to the row wirings respectively, a signal of
the specific frequency is sensed through each column wiring,
so that the presence and location of the touch are recognized.
However, if noise exists in the specific frequency band due to
avariety of reasons, precision of the touch sensing is reduced.
Therefore, the frequency of the driving signal, that is, the
frequency used to sense the touch is required to be changed.

SUMMARY

One embodiment is a method for minimizing noise on a
touch panel including a plurality of drive lines and a plurality
of sensing lines. The drive lines and the sensing lines cross
each other. The method includes: performing a dummy scan
to sense a signal from the sensing line in a state where a
driving signal is not applied to the drive line; and comparing
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a threshold with a magnitude of a signal obtained through the
dummy scan, and estimating noise in a first frequency band,
i.e., a frequency of the driving signal.

Another embodiment is a method for minimizing noise on
atouch panel including a plurality of drive lines and a plural-
ity of sensing lines. The drive lines and the sensing lines cross
each other. The method includes: performing a first dummy
scan which performs, at least one time, a dummy scan in
which a signal from the sensing line is sensed in a state where
a driving signal is not applied to the drive line; performing a
second dummy scan which performs the dummy scan at least
one time when a magnitude of a signal obtained through the
first dummy scan is greater than a first threshold; and com-
paring a second threshold with a magnitude of a signal
obtained through the second dummy scan, and estimating
noise in a first frequency band, i.e., a frequency of the driving
signal.

Further another embodiment is a touch sensing apparatus
which minimizes noise and includes a touch panel including
a plurality of drive lines and a plurality of sensing lines. The
drive lines and the sensing lines cross each other. The touch
sensing apparatus includes: a signal sensor which performs a
dummy scan to sense a signal from the sensing line in a state
where a driving signal is not applied to the drive line; and a
frequency hopper which compares a threshold with a magni-
tude of a signal obtained through the dummy scan, and esti-
mates noise in a first frequency band, i.e., a frequency of the
driving signal.

BRIEF DESCRIPTION OF THE DRAWINGS

Arrangements and embodiments may be described in
detail with reference to the following drawings in which like
reference numerals refer to like elements and wherein:

FIG. 1 is a view for describing a configuration of a touch
sensing apparatus according to an embodiment of the present
invention;

FIGS. 2 to 3 are views for describing a method for mini-
mizing noise in a touch panel according to a first embodiment
of the present invention; and

FIGS. 4 to 6 are views for describing a method for mini-
mizing noise in a touch panel according to a second embodi-
ment of the present invention.

DETAILED DESCRIPTION

A thickness or a size of each layer may be magnified,
omitted or schematically shown for the purpose of conve-
nience and clearness of description. The size of each compo-
nent may not necessarily mean its actual size.

It should be understood that when an element is referred to
as being ‘on’ or “under” another element, it may be directly
on/under the element, and/or one or more intervening ele-
ments may also be present. When an element is referred to as
being ‘on’ or ‘under’, ‘under the element’ as well as ‘on the
element’ may be included based on the element.

An embodiment may be described in detail with reference
to the accompanying drawings.

FIG.1isaview for describing a schematic configuration of
atouch sensing apparatus according to an embodiment of the
present invention.

Referring to FIG. 1, the touch sensing apparatus of the
present invention includes a touch sensor panel 110 com-
prised of a plurality of row wirings and a plurality of column
wirings, a driving signal supplier 120 which inputs a driving
signal to the touch sensor panel 110, a signal sensor 130
which senses a signal outputted from the column wiring, and
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a frequency hopper 140. The driving signal supplier 120, the
signal sensor 130 and the frequency hopper 140 may be
modules which are controlled by a predetermined signal.
These parts include routines, subroutines, programs, objects,
components, data structures and the like, all of which perform
specific operations to be described below or specific algo-
rithms. However, these parts are not limited to this. Hereafter,
although the driving signal supplier 120, the signal sensor 130
and the frequency hopper 140 will be described as separate
parts, this is only for convenience of description. At least two
of them may be formed in the form of one module. For
example, the signal sensor 130 and the frequency hopper 140
may be formed in the form of one part capable of performing
their respective functions.

The touch sensor panel 110 is formed in the form of a
matrix comprised of row wirings and column wirings. The
row wiring and the column wiring are separated from each
other by a dielectric material. A sensor or pixel is located at a
point where the row wirings and column wirings cross each
other. Each row wiring can be driven by a stimulation signal.
Therefore, it can be said that the row wiring is a drive line.
Also, a sensing signal outputted from the column wiring
corresponding to a point where the touch has occurred by the
driving signal injected into the row wiring becomes different
from a signal outputted from another column wiring, so that
the location of the touch can be recognized by the signal.
Therefore, it can be said that the column wiring is a sensing
line.

In the following description and accompanying drawings,
while a touch sensing panel having an orthogonal array con-
sisting of the row and column will be described as an
example, the embodiment of the present invention is not
limited to this. The embodiment of the present invention can
be applied to another touch sensing panel having an array of
arbitrary dimension, for example, a diagonal array, a concen-
tric array, a 3-dimensional random array, etc., and an array
obtained by the application of them.

The drive line and the sensing line may be formed of a
transparent conductive material (e.g., Indium Tin Oxide
(ITO), Antimony Tin Oxide (ATO) or the like). However, the
drive line and the sensing line may be also formed of another
transparent material or an opaque conductive material includ-
ing copper and the like.

A signal with a specific frequency may be inputted through
each drive line. The signal may be generated by a driving
signal supplier 120. The driving signal supplier 120 may input
serially the sensing signal to each drive line. For example, on
the basis of a clock signal, etc., the driving signal supplier 120
inputs the driving signal to a first drive line DO during a first
interval and inputs the driving signal to a second drive line D1
during a second interval, so that the same driving signal is
controlled not to be parallelly inputted to the two or more
sensing lines. This is because, when the same driving signal is
parallelly inputted to a plurality of the sensing lines, it is
impossible to recognize which location of the drive line the
touch has occurred on, even though the touch is sensed
through a particular sensing line. Therefore, the driving sig-
nals must be supplied to the drive lines at mutually different
points of time.

When the touch occurs on a particular location of the touch
screen, a sensing line passing through the particular location
outputs a signal different from signals outputted from other
sensing lines. The signal sensor 130 receives the signal out-
putted from each sensing line and determines which location
of the sensing line the touch has occurred on. The signal
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sensor 130 is able to sense a signal having a frequency the
same as that of the driving signal supplied by the driving
signal supplier 120.

For example, the signal outputted from the sensing line
passing through a point where the touch has occurred may
have an amplitude lower than that of a steady-state signal
outputted from another sensing line. The point where the
touch has occurred can be recognized by determining the
amplitude difference. The signal outputted from each sensing
line may be observed parallelly or serially.

Meanwhile, even though the touch does not occur on the
touch sensor panel 110, the magnitude of the signal received
by the signal sensor 130 may be changed due to the noise.
When there exists noise having the same frequency as that of
a current sensing signal, the characteristics of the signal
sensed by the signal sensor 130 may be changed.

The frequency hopper 140 according to the embodiment of
the present invention estimate the noise at a current driving
signal frequency, finds a frequency having a minimized noise,
and thus allows the frequency of the driving signal to be
changed into the frequency having a minimized noise.

Hereafter, a method for minimizing the noise will be
described.

FIG. 2 is a view for describing a method for minimizing
noise in a touch panel according to a first embodiment of the
present invention.

Referring to FIGS. 1 and 2, first, a dummy scan is per-
formed by the signal sensor 130 (S210). The dummy scan of
the present specification means a process of sensing the signal
from the respective sensing lines in a state where the driving
signal is not inputted to the drive line. That is, through the
dummy scan, the signal from the sensing line may be sensed
only one time or at least twice in a state where the driving
signal is not applied. For the purpose of sensing the touch, a
driving signal having a specific frequency is inputted to the
drive line, and then a signal outputted from the sensing line is
sensed. Here, when the signal outputted from the sensing line
is sensed in a state where the driving signal is not inputted to
the drive line, it is possible to recognize the presence of the
current noise. The dummy scan may be performed periodi-
cally or non-periodically. For example, at every point of time
when one cycle ends, during which the touch is sensed by
serially inputting the driving signal to the drive lines DO to Dn
respectively, the dummy scan can be performed at least one
time in a state where the driving signal is not inputted to all of
the drive lines DO to Dn.

The frequency hopper 140 according to the embodiment of
the present invention compares a threshold NTO with a mag-
nitude NSO of the signal sensed by the signal sensor 130
through the dummy scan (S220). The magnitude NSO of the
signal sensed by the signal sensor 130 may be the average
value, the maximum value or the sum of the signals outputted
from the sensing lines respectively. However, any variable
will be used so long as it can discover even the characteristics
of'the signal outputted from the sensing line at the presence of
the noise. If the magnitude NSO of the signal sensed by the
signal sensor 130 through the dummy scan is less than the
threshold NTO, this means that the noise is acceptable in a
band of the current driving signal frequency (or the frequency
of'the signal sensed by the signal sensor 130). Therefore, the
driving signal having the frequency same as the current driv-
ing signal frequency can be continuously used. Here, a single
dummy scan can be continuously performed (for example, at
every point of time when one cycle ends, during which the
touch is sensed by serially inputting the driving signal to all of
the drive lines DO to Dn).
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Meanwhile, if the magnitude NSO of the signal sensed by
the signal sensor 130 through the dummy scan is greater than
the threshold NTO, this means that the noise having the same
frequency as that of the current driving signal is not accept-
able. Therefore, the frequency hopper 140 changes the fre-
quency of the signal sensed by the signal sensor 130 (S230).
This is referred to as “frequency hopping”. After the fre-
quency hopping is performed, the single dummy scan may be
repetitively performed in the corresponding frequency
(S210).

Referring to FIG. 3, the frequency hopping S230 may be
performed by the following process. First, the dummy scan is
performed in a frequency band different from that of the
current driving signal (S231). In other words, when the signal
sensor 130 senses a signal corresponding to a first frequency
band, the first frequency band is changed into a second fre-
quency band, and then the dummy scan is performed. A
magnitude NSO' of the sensed signal through the dummy scan
is compared with the threshold NTO (S232). If the magnitude
NSO of the sensed signal through the dummy scan is less than
the threshold NTO, the frequency of the driving signal is
changed into the corresponding frequency (S233). However,
through the dummy scan in the second frequency band, if the
magnitude NSO' of the signal sensed by performing the
dummy scan is greater than the threshold NTO, the frequency
band of'the signal is changed into a third frequency band, and
then the dummy scan is performed again (S231).

The frequency hopping S230 can be performed in various
manners other than the embodiment shown in FIG. 3. For
instance, the magnitude NSO' of the signal through the
dummy scan performed in the frequency changed in step
S232 may be compared with the magnitude NSO of the signal
through the dummy scan performed in the frequency before
being changed. Additionally, the dummy scan is performed in
all the various frequency candidates, and then a frequency
having a smallest magnitude may be selected and changed.

When the frequency hopping S230 is completed, the cor-
responding process may be repeated from step S210.

FIG. 4 is a view for describing a method for minimizing
noise in a touch panel according to a second embodiment of
the present invention.

Referring to FIGS. 1 and 4, first, a first dummy scan is
performed by the signal sensor 130 (S410). As described
above, the dummy scan means a process of sensing the signal
from the respective sensing lines in a state where the driving
signal is not inputted to the drive line. The first dummy scan
in step S410 means that the dummy scan is performed at least
one time. After the first dummy scan is performed, the mag-
nitude NSO of the sensed signal is compared with the thresh-
old NTO (S420). As described above, the magnitude NSO of
the sensed signal may be the average value, the maximum
value or the sum of the signals outputted from the sensing
lines respectively.

If the magnitude NSO of the signal sensed by the signal
sensor 130 through the first dummy scan is less than the
threshold NTO, this means that the noise is acceptable in a
band of the current driving signal frequency (or the frequency
of'the signal sensed by the signal sensor 130). Therefore, the
driving signal having the frequency same as the current driv-
ing signal frequency can be continuously used. Here, the first
dummy scan can be continuously performed (for example, at
every point of time when one cycle ends, during which the
touch s sensed by serially inputting the driving signal to all of
the drive lines DO to Dn).

Meanwhile, if the magnitude NSO of the signal sensed by
the signal sensor 130 through the dummy scan is greater than
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the first threshold NTO, this may mean that the noise having
the same frequency as that of the current driving signal is not
acceptable.

Here, the frequency hopper 140 performs a second dummy
scan (S430). The second dummy scan may mean that the
dummy scan is performed again at least one time. That is, the
signal from the sensing line is sensed at least one time in a
state where the driving signal is not applied to the drive line.
The number of repetition times of the signal sensing may be
equal to or not equal to the number of repetition times of the
dummy scan in step S410. For example, the number of rep-
etition times of the dummy scan in the second dummy scan
step S430 may be greater than the number of repetition times
of'the dummy scan in the first dummy scan step S410.

A magnitude NS1 of a signal obtained through the second
dummy scan is compared with a second threshold NT1
(S440). Here, the threshold NT1 may be different from the
threshold NTO used in step S420. For instance, when the
number of repetition times of the dummy scan in the first
dummy scan step S410 is equal to the number of repetition
times of the dummy scan in the second dummy scan step
S420, the threshold NT1 used in step S440 may be greater
than the threshold NTO used in step S420.

The magnitude NS1 of the signal obtained through the
second dummy scan may be at least one of the average value,
the maximum value or the sum of the magnitudes of the
signals obtained through the respective dummy scans. How-
ever, the magnitude NS1 is not limited to this. If, as a result of
the comparison in step S440, the magnitude NS1 of the signal
obtained through the second dummy scan is less than the
second threshold NT1, the single dummy scan S410 is per-
formed again at the same frequency. Here, since the steps
S410 to S440 may be repeated unlimitedly, the number of
repetition times of the steps needs to be limited. For this, step
S450 and step S460 may be performed. Every time step S410
is performed after step S440, “the number of trials” is
increased by 1 (S450). When “the number of'trials” is equal to
a predetermined repetition threshold value MAX_TRY, step
S410 is not performed and a frequency hopping step S470
may be performed. However, the steps S450 and S460 can be
omitted.

As aresult of the comparison in step S440, either when the
magnitude NS1 of the signal obtained through the second
dummy scan is greater than the second threshold NT1 or
when the number of repetition times of the steps S410 to S440
is greater than a predetermined number, the frequency hop-
ping is performed (S470). As described above, the frequency
hopping means that the frequency of the signal sensed by the
signal sensor 130 is changed.

Referring to FIG. 5, the frequency hopping S470 may be
performed according to the following process. First, the
dummy scan is performed in a frequency band different from
the frequency band of the current driving signal (S471). In
other words, when the signal sensor 130 senses a signal
corresponding to the first frequency band, the first frequency
is changed into the second frequency band, and then the
dummy scan is performed at least one time. A magnitude NS2
of the signal obtained by performing the dummy scan in the
second frequency band is compared with the magnitude NS1
of the signal obtained by performing the dummy scan in the
first frequency band (S472). While FIG. 5 shows that the
magnitude NS1 of the signal obtained by performing the
dummy scan in the first frequency band corresponds to the
magnitude NS1 of the signal obtained through the second
dummy scan in step S430 (see FIG. 4), the magnitude NS1 of
the signal obtained by performing the dummy scan in the first
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frequency band may be replaced by the magnitude NSO of the
signal obtained through the first dummy scan in step S410.

If, as aresult of the comparison in step S472, the magnitude
NS2 of the signal obtained by performing the dummy scan in
the second frequency band is less than the magnitude NS1 of
the signal obtained by performing the dummy scan in the first
frequency band, the frequency of the driving signal is
changed into the corresponding frequency (S473). However,
if not, the frequency of the driving signal is changed into the
third frequency, and then the dummy scan is performed again
(S471).

Meanwhile, referring to FIG. 6, the frequency hopping
S470 may be performed according to the following process.
First, the dummy scan is performed in a frequency band
different from the frequency band of the current driving signal
(S474). In other words, when the signal sensor 130 senses a
signal corresponding to the first frequency band, the first
frequency is changed into the second frequency band, and
then the dummy scan is performed at least one time. The
magnitude NS2 of the signal obtained by performing the
single dummy scan in the second frequency band is compared
with the threshold NTO (S475). Now, while this threshold
NTO may be equal to the threshold NTO which is a target to be
compared with the magnitude NSO of the signal obtained
through the first dummy scan in step S420 (see FIG. 4), this
threshold NTO may be equal to the threshold NT1 which is a
target to be compared with the magnitude NS1 of the signal
obtained through the second dummy scan in step S440 or may
be another third threshold. As a result of the comparison in
step S472, the magnitude NS2 of the signal obtained by
performing the dummy scan in the second frequency band is
less than the threshold NTO, the frequency of the driving
signal is changed into the corresponding frequency (S476).
However, if not, the frequency of the driving signal is changed
into the third frequency, and then the dummy scan is per-
formed again (S474).

However, the frequency hopping S470 can be performed in
various manners other than the embodiments shown in FIGS.
5 and 6. For example, a modified example of the above-
described method shown in FIG. 5 will be provided. In step
S472, the magnitude NS2 of the signal obtained through the
dummy scan in the second frequency band may be compared
with the threshold NT1 used in step S440 (see FIG. 4). Also,
the dummy scan is performed in all the various frequency
candidates, and then a frequency having a smallest magnitude
may be selected and changed.

Referring back to FIG. 4, after the frequency hopping S470
is completed, the corresponding process may be repeated
from step S410 or step 430. That is, after the frequency
hopping is completed, it is possible that the first dummy scan
is performed in the changed frequency band (S410) and then
the noise is estimated, or the second dummy scan is per-
formed with the omission of the first dummy scan (S430) and
then the noise is estimated.

Any reference in this specification to “one embodiment,”
“an embodiment,” “example embodiment,” etc., means that a
particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one
embodiment of the invention. The appearances of such
phrases in various places in the specification are not neces-
sarily all referring to the same embodiment. Further, when a
particular feature, structure, or characteristic is described in
connection with any embodiment, it is submitted that it is
within the purview of one skilled in the art to affect such
feature, structure, or characteristic in connection with other
ones of the embodiments.
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Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.
What is claimed is:
1. A method for minimizing noise on a touch panel includ-
ing a plurality of drive lines and a plurality of sensing lines,
wherein the drive lines and the sensing lines cross each other,
the method comprising:
performing a first dummy scan at least one time, in which
a signal from the sensing lines is sensed in a state where
a driving signal is not applied to the drive lines;

performing a second dummy scan at least one time when a
magnitude of a signal obtained through the first dummy
scan is greater than a first threshold;

comparing a second threshold with a magnitude of a signal

obtained through the second dummy scan, and estimat-
ing noise in a first frequency band;
when the magnitude of the signal obtained through the
second dummy scan is less than or equal to the second
threshold, performing the first dummy scan again; and

when the magnitude of the signal obtained through the
second dummy scan is less than or equal to the second
threshold and a number of repetition times of the first
dummy scan is greater than or equal to a threshold num-
ber, performing frequency hopping which changes a
frequency of a driving signal.

2. The method of claim 1, further comprising:

performing frequency hopping which changes the fre-

quency of the driving signal when the magnitude of the
signal obtained through the second dummy scan is
greater than the second threshold.

3. The method of claim 2, wherein the performing of fre-
quency hopping comprises:

performing another dummy scan at least one time in a

second frequency band different from the first frequency
band;
determining whether a magnitude of a signal obtained
through the another dummy scan in the second fre-
quency band is less than the magnitude of the signal
obtained through the first or the second dummy scan in
the first frequency band; and
changing the frequency of the driving signal into the sec-
ond frequency when it is determined that the magnitude
of a signal obtained through the another dummy scan in
the second frequency band is less than the magnitude of
the signal obtained through the first or the second
dummy scan in the first frequency band.
4. The method of claim 2, wherein the performing of fre-
quency hopping comprises:
performing another dummy scan in a second frequency
band different from the first frequency band;

determining whether a magnitude of the signal obtained
through the another dummy scan in the second fre-
quency band is less than or equal to the first or the second
threshold; and

changing the frequency of the driving signal into the sec-

ond frequency when it is determined that the magnitude
of the signal obtained through the another dummy scan
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in the second frequency band is less than or equal to the
first or the second threshold.

5. The method of claim 4, wherein the performing of fre-
quency hopping further comprises performing a further
dummy scan at least one time in a third frequency band
different from the first and the second frequency bands when
the magnitude of the signal obtained through the another
dummy scan in the second frequency band is greater than the
first or the second threshold.

6. The method of claim 2, wherein the performing of fre-
quency hopping comprises performing another dummy scan
in at least one frequency candidate, and changing the fre-
quency of the driving signal into a frequency having a small-
est magnitude.
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